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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the suitable junction approach of a silicon member for junction of the 
silicon member used for a semi-conductors process, such as a boat for wafer heat treatment, and the silicon junction 
structure which comes to use this junction approach. 
[0002] 

[Description of the Prior Art] A single crystal or polycrystalline silicon is extremely generable to a high grade, and 
since thermal resistance is high and chemically stable, it is useful as members for semi-conductor processes, such as a 
boat for wafer heat treatment, and a wash fountain. However, silicon members had the following problems, when 
junction by welding was not completed but it joined by other approaches. That is, as an approach of joining silicon 
members, when the cement of the usual quality of organic or minerals is used, in order for cement to serve as an 
impurity and to make a high grade silicon property reduce, this approach is not fit for junction of the member for semi- 
conductor processes. The approach of joining silicon members only by machining like a sectional silicon boat cannot 
make shakiness there be nothing as a matter of fact, when it is necessary to process a silicon ingredient with processing 
for it to be hard and difficult with high precision, time and effort is taken and many constraint is imposed also on a 
configuration. And shakiness will increase gradually for etching at the time of wear and washing in use. 
[0003] As other approaches of joining silicon members, there is a method of making the film of the quality of a silica 
intervene. Although the silica film can make the thing of a high grade form by approaches, such as thermal oxidation 
and CVD, and has the thermal resistance of 1 000 degrees C or more, it is softened in whenever [ low-temperature ] 
from the melting point of silicon. It follows, for example, mechanical junction will be attained, if pressurization contact 
is carried out or a temperature up is carried out to the both sides of the contact section, applying electric field. However, 
since the washing process by the etching reagent of a fluoric acid system was included, the silica film corroded at this 
process, the clearance was produced, and when a product was polluted by the penetrant remover which sank into this 
clearance and corrosion progressed further by it, there was a possibility of producing exfoliation of a joint in 
manufacture of the member for semi-conductor processes. Moreover, after grinding a plane of composition to a highly 
precise flat side, there is also a direct conjugation method which forms a junction condition by making it contact under 
a pure environment and heating, but since a highly precise technique is needed for the activity of polish or junction and 
an applicable configuration has a limit, it is very difficult [ it ] to apply to the assembly of the member for semi- 
conductor processes of a complicated configuration. 
[0004] 

[Problem(s) to be Solved by the Invention] As mentioned above, although the silicon member had the outstanding 
properties, such as a high grade, high thermal resistance, and high chemical resistance, since it did not have the junction 
approach which does not spoil such a property, it had the problem that the application of said division material was 
restricted. This invention aims at offering the high grade silicon junction structure which employed the property of a 
silicon member efficiently further for the purpose of offering the junction approach of the silicon member which can 
join silicon members easily in view of the present condition of the conventional technique mentioned above, without 
spoiling the property of a silicon member. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the silicon member junction approach 
of this invention is characterized by making the compound used as silicon carbide placed between them, when it 
calcinates to the plane of composition of silicon members, and calcinating at the temperature of 800 degrees C or more 
in an inert atmosphere. Moreover, other approaches of this invention are characterized by making the compound used 
as silicon nitride placed between them, when it calcinates to the plane of composition of silicon members, and 
calcinating at the temperature of 700 degrees C or more in an inert atmosphere. On the other hand, the silicon junction 
structure of this invention is characterized by joining silicon members by silicon carbide, silicon nitride, or silicon oxy- 



night RAI0O. 
[0006] 

[Function] Silicon carbide (SiC), silicon nitride (SiN), and silicon oxy-night RAIDO (SiON) are in an ingredient with 
about the same thermal resistance and chemical resistance as silicon. Then, SiC, SiN, or SiON is made into a 
fundamental component, and moreover, if there is an ingredient which can be high-grade-ized easily [ have the junction 
force and ] to silicon, silicon members can be joined easily, without spoiling the property of a silicon member by using 
it as a jointing material for corrugated fibreboard. 

[0007] this invention person discovered that the carbo silane polymer which used polysilane as the start raw material, 
the polish lath CHIREN polymer, or the polysilazane compound had the above-mentioned property, as a result of 
inquiring wholeheartedly from such a viewpoint. Since these ingredients are compoundable in purification study, it is 
high-grade-ized easily. And since it melted in solvents, such as a xylene, simply and the solution of high viscosity was 
obtained, it turned out that this solution is applied to a joint and the **** silicon member dried after junction can join 
easily. And when heating this junction structure by the inert atmosphere, it turned out that decompose in the case of a 
carbo silane polymer or a polish lath CHIREN polymer, and it changes to SiC, and it decomposes in the case of a 
polysilazane compound, and changes to SiN on the other hand, and the junction force occurs. Moreover, it turned out 
that it will be set to SiON if a polysilazane compound is heated in the ambient atmosphere which contains oxygen 
beforehand, and the junction force is born. 

[0008] However, the problem that the bonding strength after baking was not enough produced the member joined by 
the above-mentioned compound single taste. The main cause was considered for producing contraction of the volume 
and making a joint generate distortion when a compound changed to SiC etc. by baking. Then, the silicon powder of a 
high grade was added as a filler in the solution of the above-mentioned compound, and as a result of carrying out the 
work which prevents a volumetric shrinkage, sufficient bonding strength was obtained. 
[0009] Hereafter, this invention is further explained to a detail. 

(1) the approach using the compound which will serve as silicon carbide if it calcinates as a jointing material for 
corrugated fibreboard ~ here, explain the junction approach of a silicon member of having used the carbo silane 
polymer as a jointing material for corrugated fibreboard. The carbo silane polymer used by this junction approach is the 
same as what is used as a precursor of SiC fiber, and good. Such a carbo silane polymer can be easily obtained with a 
well-known synthesis method, this invention person shows the actually performed synthetic example below to ** - 
** Commercial par methyl polysilane (melting point of 270 degrees C or more) was put into the autoclave, and it j 
heated at 450 degrees C after reduced pressure for 24 hours. Subsequently, heating distillation of the resultant was I 
carried out at 200 degrees C under reduced pressure of ImmTorr after cooling, and the carbo silane polymer was 
obtained except for the low fraction. 

** Commercial polish lath CHIREN (the melting point of 1 10-125 degrees C, trade name PSS-120) was heated for 5 
hours, and was made to react at 300 degrees C in nitrogen-gas-atmosphere mind. Subsequently, after holding at 250 
degrees C and pressing down foaming, it cooled to the room temperature and the carbo silane polymer was obtained. 
** Commercial polish lath CHIREN (the melting point of 150-180 degrees C, trade name PSS-400) was used as it was. 
In addition, even if it used polish lath CHIREN of a low-melt point point as it was more, when baking decomposed into 
SiC, the almost same result was obtained. 

[0010] Furthermore, a carbo silane polymer and silicon powder are mixed in a solvent, and the compound for junction 
is built with this invention approach. It has viscosity and a rate of drying suitable as cement, after that spreading to a 
plane of composition is easy, and stable (conditions 1), desiccation, and baking maintains good junction nature, and it 
is made for the presentation of the compound for junction to fill that bonding strength is large (conditions 2) and 
********** Conditions 1 are decided mainly by the class and addition of a solvent, and conditions 2 are decided by 
the mixed ratio of a carbo silane polymer and silicon powder. 

[001 1] The class of solvent can be chosen according to the purposes of use, such as the method of application. For 
example, organic halogenated compounds, such as aliphatic series, such as aroma groups, such as benzene, toluene, and 
a xylene, a hexane, a pentane, and a liquid paraffin, and trichlene, etc. can be used. Although it melts into these solvents 
well, even if a carbo silane polymer applies the amount more than the solubility, it is satisfactory. The silicon of a high 
grade is ground and used for silicon powder with a ball mill etc. Here, if the grain size of silicon powder is large, while 
keeping the kneaded compound for junction, it will become easy to sediment, and spreading nature will also worsen. 
The result with a good thing with a particle size of 10 micrometers or less was obtained. 
[0012] The amount of the solvent to solid content determines the difficulty of the workability from spreading to 
desiccation. That it is generally easy to dry the way which lessens the daily dose of a solvent, since there is also little 
loss of weight after desiccation, a good result is brought about. However, since a fluidity will be lost and it will be hard 
coming to apply if there are too few daily doses, the amount of a solvent is adjusted in consideration of these points. 
Although based also on the grain size and the method of application of silicon powder to be used, in order to give a 
fluidity, 20% or more of liquid component was required. A carbo silane polymer, a solvent, and silicon powder 



measure a desired amount, fully knead it with a mortar, a ball mill, etc., and let them be a compound for junction. 
[0013] The following experiments were conducted in order to decide the rate of the optimal carbo silane polymer and 
silicon powder. The solvent was made into KISAN to n using the carbo silane polymer compounded from polysilane. 
The daily dose of a solvent was set to 0.5 to solid content 1 by the weight ratio. In the solvent, it mixed at a rate which 
showed the compound carbo silane polymer and silicon powder with a mean particle diameter of 3 micrometers in 
Table 1, it kneaded well with the mortar, and the compound for junction was created. The amount of samples of one 
condition is 3g. 

[0014] The silicon rod with a diameter [ of 10mm ] and a die length of 30mm which made the flat surface to the end 
face was prepared. After plastering the end face of one silicon rod with the above-mentioned compound for junction 
with a quartz-glass rod, it was made to push and join together with the end face of another silicon rod. Thus, the 
obtained silicon junction structure was dried at 70 degrees C for 3 hours, and it fixed, and in nitrogen-gas-atmosphere 
mind, to 1 100 degrees C, the temperature up was carried out and it calcinated. The tensile strength of the obtained 
silicon junction structure was measured, and the measurement result was shown in Table 1 . It turns out that it joins 
from Table 1 when the ratio of silicon / carbo silane is 30 or less, and big tensile strength can be obtained at the time of 



4-0.5. 
[0015] 
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[0016] Next, after creating the compound for junction which set the ratio of silicon / carbo silane to 2 and making it 
join thru/or dry by the same approach as the above, burning temperature was changed and relation with tensile strength 
was investigated. The result is shown in Table 2. Above 800 degrees C, burning temperature turned into high intensity 
and became almost fixed from near 1 100 degree C so that clearly from Table 2. However, since the melting point of the 
silicon structure was approached although it was satisfactory to the junction itself when it became near 1400 degree C, 
the effect which neither a reaction with a controlled atmosphere nor deformation has appeared. 
[0017] 
[Table 2] 
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[0018] Although the bonding strength of the zygote obtained as mentioned above was large, in evaluation on the 
strength, it surely separated from a part for a joint, and was less than the reinforcement of silicon itself. As a result of 
investigating in a detail the field which separated in order to investigate the cause, it turned out that the hole has 
occurred in the interface and it has not joined in the whole plane of composition. Furthermore, silicon and quartz glass 
were stuck by the compound compound for junction, and change of an interface was investigated while it carried out 
the temperature up, as the plane of composition could be observed. Consequently, it turned out that a carbo silane is 
carrying out melting decomposition and it is foaming above 350 degrees C. Then, after performing insolubilization 
processing to which a zygote is heat-treated in after [ desiccation ] air, and the polymerization of the carbo silane is 
carried out, in nitrogen, the temperature up was carried out, it joined to 1200 degrees C, and relation with reinforcement 
was investigated. The relation between the heat treatment conditions in the inside of air and bonding strength is shown 
in Table 3. Table 3 shows that reinforcement is improved by 1 50 degrees C - 400 degrees C and processing of 1 hours 
or more. Although the same experiment was conducted also about the polish lath CHIREN polymer, the result was the 
same as the case of a carbo silane polymer. 
[0019] 
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[0020] (2) the approach using the compound which will serve as silicon nitride if it calcinates as a jointing material for 
corrugated fibreboard - here, explain the junction approach of a silicon member of having used the polysilazane 
compound as a jointing material for corrugated fibreboard. The polysilazane compound used by this junction approach 
is good with the compound well known as precursors of SiN or SiON, such as a polymer of the various molecular 
weight of perhydro polysilazane, and various polymers of methyl polysilazane. It mixes with solvents, such as a xylene 
and a hexane, and silicon powder, if needed, these compounds are prepared so that the bonding strength after moderate 
viscosity and desiccation may be brought about, for example, let them be the compounds for junction. 
[0021] The silicon of a high grade is ground and used for silicon powder with a ball mill etc. Here, if the grain size of 



silicon pow'der is large, while keeping the kneaded compound for junction, it will become easy to sediment, and 
spreading nature will also worsen. The result with a good thing with a particle size of 10 micrometers or less was 
obtained. The mixing ratio of silicon powder and a polysilazane compound has big effect on the bonding strength of the 
junction structure after baking. On the other hand, the amount of the solvent to solid content determines the difficulty 
of tfie workability from spreading to desiccation. That it is generally easy to dry the way which lessens the daily dose 
of a solvent, since there is also little loss of weight after desiccation, a good result is brought about. However, since a 
fluidity will be lost and it will be hard coming to apply if there are too few daily doses, the amount of a solvent is 
adjusted in consideration of these points. Although based also on the grain size and the method of application of silicon 
powder to be used, in order to give a fluidity, 20% or more of liquid component was required. 
[0022] The obtained compound for junction supplies a constant rate to the plane of composition of a silicon member 
using brush coating, a dispenser, etc. And before a solvent evaporates and becomes hard, silicon members are 
compared, and it is made to heat and dry if . Then, if it heats and calcinates to desired temperature in the inert 
atmosphere of nitrogen, an argon, etc., or within the ambient atmosphere containing oxygen, such as air, the target 
silicon junction structure will be obtained. 

[0023] The next experiment was conducted in order to decide the mixed rate of the optimal polysilazane compound and 

silicon powder. It mixed at a weight rate which showed silicon powder with a mean particle diameter of 3 micrometers 
in Table 4 to the perhydro polysilazane of molecular weight 1700-2100, the xylene (solvent) was added and it often 
kneaded with the mortar so that it might be set to 0.6 to solid content 1 , and the compound for junction was created. 
The amount of samples of one condition is about 3g. The silicon rod with a diameter [ of 10mm ] and a die length of 
30mm which made the flat surface to the end face was prepared. After plastering the end face of one silicon rod with 
the above-mentioned compound for junction with a quartz-glass rod, it was made to push and join together with the end 
face of another silicon rod. In this way, dry the obtained silicon junction structure at 70 degrees C for 3 hours, and it 
was made to fix, and in nitrogen-gas-atmosphere mind, to 1200 degrees C, the temperature up was carried out and it 
calcinated. 

[0024] Thus, the tensile strength of the obtained silicon junction structure was measured, and the measurement result 
was shown in Table 4. It turns out that it joins from Table 4 when the ratio of silicon/polysilazane is 30 or less, and big 
tensile strength is obtained at the time of 4-0.5. Next, after creating the compound for junction which set the ratio of 
silicon/polysilazane to 2 and making it join thru/or dry by the same approach as the above, burning temperature was 
changed and relation with tensile strength was investigated. The result is shown in Table 5. 
[0025] 
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[0026] 
[Table 5] 
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[0027] Above 800 degrees C, it became high intensity and became almost fixed from near 1200 degree C so that clearly 
from Table 5. However, since the melting point of the silicon structure was approached although it was satisfactory to 
the junction itself when it became near 1400 degree C, the effect which neither a reaction with a controlled atmosphere 

nor deformation has appeared. 

[0028] Next, how to change a polysilazane compound to SiON and join a silicon member is explained. Since there are 
few volume changes after baking compared with the above-mentioned method of producing SiN, this approach has the 
advantage that the residual stress of a joint becomes small, for this reason — being alike before the process which 
carries out heating baking above 800 degrees C in the inert atmosphere shown by the above-mentioned approach, the 
process calcinated above 200 degrees C in the ambient atmosphere containing oxygen, such as air, is inserted. In 
addition, since a silicon dioxide is produced and it becomes impossible to obtain the target silicon junction structure 
when the conditions of oxidation are too strong, cautions are needed. For example, in the case of the air ambient 
atmosphere, when the temperature up was carried out to 500 degrees C or more, the reaction to a silicon dioxide 
became large, and chemical resistance fell greatly. 
[0029] 

[Example] Hereafter, this invention is explained to a detail based on an example. However, this invention is not 
restricted by the following example. 

The polish lath CHIREN polymer of a high grade with example 1 melting point of 140 degrees C was used. In the 
chemical analysis, the total amount of impurities, such as Fe, aluminum, Na, nickel, K, and Ti, was the range of 
Number PPm, and was about the same purity as quartz glass. On the other hand, the ball mill made from quartz glass 
ground the high purity silicon, and silicon powder with a mean particle diameter of 8 micrometers was obtained. A 
polish lath CHIREN polymer and silicon powder were measured so that it might become the weight ratio of 1 to 3, and 
it often kneaded with the xylene of an amount 3 times, and the compound for junction was obtained. 
[0030] Components were cut down from the impurity additive-free single crystal silicon of lOOohms of specific 
resistance cm, and the boat for wafer heat treatment of a configuration as shown in drawing 1 (silicon junction 
structure) was assembled. The edge 3 joined to the silicon plate 2 of the silicon member 1 of a prismatic form with a 
slot here is processed in the shape of a tenon like drawing 2 . The compound for junction which carried out [ above- 
mentioned ] creation is applied to this edge 3, and it inserted in with the hole 4 of the silicon plate 2. It dried at the 
temperature of 120 degrees C after the assembly for 5 hours, and heated at the temperature of 350 degrees C in air 
further in 4 hours. Subsequently, it heated and calcinated to 1300 degrees C in nitrogen-gas-atmosphere mind. Thus, 
fluoric acid washing of the obtained boat for wafer heat treatment was carried out, and it equipped with the wafer, put 
into the diffusion furnace, and heat-treated at 1 100 degrees C. Then, although measurement of pollution was carried 
out, since [ which is this wafer ] contamination was not detected by the wafer but there was moreover no deformation 
part in the boat for wafer heat treatment, unequal stress was not applied to the wafer and generating of a rearrangement 
was not seen, either. 

[0031] The polytrimethyl silazane and silicon powder of example 2 molecular weight 1000 [ about ] were measured so 
that it might become the weight ratio of 1 to 1, and it often kneaded with the xylene of an amount 3 times, and the 
compound for junction was obtained. Components were cut down from the impurity additive-free single crystal silicon 
of lOOohms of specific resistance cm, and the boat for wafer heat treatment of a configuration as shown in drawing 1 
(silicon junction structure) was assembled. The edge 3 joined to the silicon plate 2 of the silicon member 1 of a 
prismatic form with a slot here is processed in the shape of a tenon like drawing 2 . It dipped in the compound for 



junction which carried out [ above-mentioned ] creation of this edge 3, and before getting dry, it inserted in with the 
hole 4 of the silicon plate 2. After the assembly, after leaving it on the 1st and making it dry indoors, it heated at the 
temperature of 300 degrees C in the air ambient atmosphere for 3 hours, and, subsequently heated and calcinated to 
1300 degrees C in nitrogen-gas-atmosphere mind. Thus, fluoric acid washing of the obtained boat for wafer heat 
treatment was carried out, and it equipped with the wafer, put into the diffusion furnace, and heat-treated at 11 00 
degrees C. Then, although the degree of contamination of this wafer was measured, since contamination was not 
detected by the wafer but there was moreover no deformation part in the boat for wafer heat treatment, unequal stress 
was not applied to the wafer and generating of a rearrangement was not seen, either. 
[0032] 

[Effect of the Invention] As explained above, according to this invention, silicon members can be joined firmly easily, 
without spoiling the property of a silicon member, and it contributes to application expansion of a silicon member 
greatly. 

[Translation done ] 



